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Introdjuction 

Typically, teaching involves th.e asking of extended sequences of ques- 
ts (Bellack ©t hi,, 1966; Hoetker & Ahlbrand, 1^69) which enable a teacher 
to (WtOro^Mihe direction and duration of subject-matter discussion, while 
also raaintaining a ne^cessary degree of attention and order tWestbury* i973j . 
Science teachers have been urged to cc*isj-der the forro of their questions (as 
in the contrast between convergent and divergent questions), and in general 
there has been considerable attention to questions as me^s of instruction. 
At the same time, science teachers stand before their students as representa-* 
tive^ of the discipline of science and of the communi ty of actiye scientists. 
Although the nature of explanatory change in science is certjamly not agreed 
upon, there is definite reluctance to base authority in science upon the pro- 
nouncenents of particular individuals. Instead, reasons and evidence support 
the explanatory conclusions of the discipline. As an end of science instruc- 
tion we wpuld have students view scientific authority in terms of reasons and 
evidence . 

This paper reports ajk analysis of classroom discourse in which the use 
of questions by, science teachers is assessed in terms of ar^uments^ to establish^ 
scientific knowledge claims. Questions are analyzed not for their form or fre- 
quency but for their function in the development of arguments which establish 
claims rationally . Seen in the context of rsit^j^t^l ^rgun^nt, question sequences 
may be assessed as consistent with or distorting of the nature of scientific 
authority^ , 



Purpose and ^Sethodology ' - * 

This study deve^ibps and demonstrates the potenti^LL of an analytical ^ 
schenje which permits one to assess the attitude tovard authority suggested by 
science -teaching discourse. The particular focus on irvakmg a comparison 
between teachers' questions within arguiaeijts cind the attitude ^ toward authority 
^ suggest^ by the argument itself. The form of questions (convergent-divergent; 
higher order) has been suggested as important in its*own right. This study * ' 
goes further, to consider the potential impact o^the sequence of questions 
which g\iide consideration 6f a specific knowledge claim m science^. 

The metlitodology o'f thjj study involves twp distinct stages.^ ^'irst, an 
appropriate analytical scheme is developed ^ drawing upoi) philosophical consid- 
erdtiOTS relevaxtt to the interest m attitudes towajrd authority-' suggested by 
eurguiaents. Then the phenocD^a of interest — instances of science teaching — are 
analyzed^ according to , the scheme. The results of the analysis speeik both to 

^ ' * r * 

the usefulness of "the scheme and to the initial question — can teachers^ ^^s- 
tions distort scientific authority? (This methodology is dijfecussed in Roberts 

Si 

'and' Russell, 1975, and illustrated by the studies reported in Munby, Orpwood, 
and Russell, 1980.) 

The data analyzed in the stujiy are verbatim transcripts of episodes ^ from 
three high school science lessons. The issue considered in the study emerged 
^as I reflected o^i setae "disturbing" personal reactions to observation of twelve 
spience lessons, including the three presented here. The analytical schieme is 
constructed primarily from the systematic philosophical work of Peters (1966, 
1967) on attitudes toward authority, and To,ulmin (1958) on the pattern of 
rational arguments. The analytical scheme specifies two conditions which must^ 
be met, for a teaching argxcnent >to suggest to stud«Ats that scientific authority 
is Oration al, 

4 . . 



!• All elements of a ratiooal argunent raust he present in the 

instructional discourse* y ' * 

2. The dements of the argument must be m proper relationship 
to each other* 

Arguiaent elenents and their proper^ relationships are those specified by louimixi 

(1958). Failure to satisfy these two conditions entails a ^udgioer^ .that an 

t 

argument's sequence of questions could sisggest a distorted image of authority 

in science k ^ • ' ^ ^ 

At first glance, the use of questions by teachers seeios both appropriate 

and straightforward, and the teacher's challenge is to develop and naintain 

competence in the use pf questions* To show that the matter ma/ deserve nore 

attention, I like to set beside ekch other the titles of two papers publisl^ed 

in the same year* 

"Using Questions to^ Enhance Cla^srooa Learning" (Napell, 1978) 
"Using Questions to Depress Student Tnougfet" (Dillon, 1978) 

Napell 's (1978) argxm^nt^ richly illustrated with examples of questions, is a 

positive oae , encouraging teachers to reflect on questioning patterns which laay 

need to be reduced or increased. "We teachers are charged with difficult tasks, 

not the least of which are modeling learning behavior and encouraging 'the 

development of intellectual independence and a positive ^elf -image in students" 

(p.^ 197)* Dillon (1978) is much more analytical, in a review of theory, peda- 

'gogy, and research related to the use of questions* His conclusion (pp. 60'-61) 

presents a challenge to researchers* 

* ». 
c " * 

Whether teacher questions stimulate student thought or whether 
they depress it, I do not yet know. I have cctae to favor the 
second view b^t look, to scholarly advocates to trenchantly 
fute and-^legantly articulate either position. For, in examining 
the imiaense educational literature jon questions, I am most struck 
by what I perceive as conceptual fastness* Newly focused rather 
than merely increased inquiry into the effect of questions would 
sota bring to surer ground the place thaft they now uncritically 
enjoy, so it seems, in all major sectors of the enterprise* 
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This study provides ^ new j^rspective on the study of questions, by develop- 
* iug the pos,ition that axqunentB are an appropri^tte unit of analysis and that 

^ ' feu^e3t6<^|ittitu^ toward' authority is a signif;Lcant issue in considering the 
effects of questions. 

The study is reported, in 'three sections. Attitudes toward scien.ce, sci- 
entific authority and authority in education, are considered first, to develop 
the context and theoretical concerns of tne study,, {iters' (1966, 1967) anal- 
yses of aruthori'ty m education are considered in detail, Tne second section 
of ^ the arguEient is the data analysis, beginning with an account of Touliain's 
work, which mikes it possible to ccxiduct the analysis. MLmunal^cOOTr.entary is 
provided with the analysis of thtee episodes of science teaching, to give the 
reader an opportunity to react personally to the perspective on ^science teach- 
^ ing provided- by the analytical^ procedure. In" the third section, each episode 
IS discussed and a ^udguvent is reached about suggested attitude toward author- 
itj^. The analytical scheme is shown to be applicable, and the. implications of 

^ (the results are explored. 
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Bducational Authority and Its 'Irplications , * 

\* f ' 

for Attitudes toward Science 
— " - - : • 

This study addresses the possibility that a teacher's use of questions 
and other strattegies tor presen^:ing the subject matter of science may distort 
, students' understanding of scientif-ic authority. The argu:g:^ent and evidenc4 
presented do not address ^the actual effects of scJience teaching on students. 
The intent is » to make a plausible caee for a possible effect, by 'demonstrating 
a rigorous procedure for^ analyzing argtfcvents to infer a suggested attitude 
toward authority. 

Authority in education 

Drawing upon Weber's analysis, of three different authority systems — 
legal-rational, traditional, , and charismatic — Peters (1967) sees a fundamental 
distinction between rational and traditional "attitudes toward authority." 
'Hie distinction is comparable to that between "having good reasons" and "taking 
sofaeonle else's word** Cpp» 13-24). Applying his analysis of authority to 
current* issues m education, Peters argiies that the manner in which a teacher 
passes on "traditions, skills, and information" has direct ^consequences for 
how students come to regard these (pp. 96-107), As an fdeal,' rational rather 
than traditional authority is seen more desirable and appropriate m western ^ 
education* this position, stressing ^e importance of reasons^ in teaching, is 
familiar in philosophical discussions* Konii^ar (1968) argues that teaching, 
iji its strictest sense, is an activity w^ich seeks to .achieve* students' aware- 
nefes of a point by the explicit provision of reasons which support cind establish 
the point* Green (1971) argues that "instruction" attempts to establish beliefs 
that are held on the basis of reasons and evidence, while "indoctrination" is 
concerned not with the basis but wit^i the content of the beliefs it attempts , 
to establish. 



Vetezs (1966) sees the teacher as an authority figure in two distinct • 
senses: in_ authority to do a certain 30b, and,aii authority on some aspect of 
the culture of the community (p. 240) . Ihese two senses of authority are quite 
different in kind* Being an authority refers to a teacher's knowledge, while 
being in authority' refers to a teacher's position* Peters notes that knowledge* 
requires supporting reasons and public procedures for' testing theia, and it does 
not depend "upon the appeal to particular men" (p* 251)* Briefly, then, a 
teacher is .an authority in authority. ^ 

The teacher's* authority of knowledge is 'fundamental. Typically, we do not 
appoint, and thereby confer authority of position upon, individuals^ who cannot 
present evidence of a specified level of knowledge (however inadequately it may 
be measured by university course credits) . This conforms to our educational 
philosophy which would have students acqui\^ knx:><frledge on the basis of reasons • 
and develop a rational attitude toward authority. It is a teacher's knowledge 
as an authority in a subject which pemits the giving of reasons to- one's state- 
roents, and rational authority tq one^s arguments. ^ Fpr purposes ,o£^ this study 
it IS essential to recognise that a teacher's position in authority makes it 
possible to present knowledge claims without reasons. A teacher's authority 
of position seems neceBsaty to maintain or manage a classroom learning situa- 
^tion* Unintentionally and unknowingly, the same authority <of position may be 
used by a teacher to "support" knowledge claims. Substituting authority of 
position for authority of knowledge requires students to change beliefs by 
taking someone el3;B's-word for them, rather than by having reasons and evidence 
for the beliefs* Instructional moves based on the authority of one's position 
are Regarded here as suggesting to students a traditional attitude to authority* 



-7- 



Iraplications for attitudes toward science ' 

The literature on attitudes toward science is substantial / complex , and 
problematic* Research (>5ead & Metraux, 1957; Shallis & Hills, 1975) has shown 
that actual attitudes inay be a mixture of positive, negative, and neutral ele- 
roents, I have argued recently (Russell, 1981) ttiat attitudes toward science 
can be influenced positively by science teachers, but, not by half-hearted^ 

i * 

casual efforts which fail to. consider the messages about science which students 
encounter outside the classroom. 

Students' understanding of authority in science is one significant ele- 
raent. of their potential knowledge about science and attitudes toward science* 
If students believe^^scientif ic kntiwledge is Established, ev6n in part, by the 
personal authority of the individual scientist, ther;, their beliefs run counter 
to the Ideal toward whicfi practj\j;ing scientists are said to strive* If students' 
are not given opportunities to judge* scientific knowledge clAims in the light 
of reasons and evidence but instead are required to ^iccept claims on the per- 
sonal authority of the science teacher, then they could develop a negative 

/ 

image of scientific authority* (Recall how easy it is, in everyday conversa- 
tion, to express an inability to understand science as a positive, desirable 
attribute,) • ' . ^ 

To JuiTuaarize, then, thete are several reasons^for teaching science in 
ways which suggest a rational, rather than a tradit?.onal , attitude toward 
authority* bne is the reason of accuracy, 'encouraging students to view scien- 
tific ^authority as scientists do. Another reason emerges froiT) the Western 
ideal of rationalit;^, which loads us to reject pitocedures which could be viewed 
as indoctrinating* Yet another reason* ari^s from our desire to encourage 
positive attitudes toward science* 
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At the s5UT>e tirne^, however, the preceding analysis of authority recognizes 

* * * • ^ 

the possibility that knowledge claims maj^be presented on the authority of the 

teacher's position. Management of many children m the same classroom requires 

a teacher to assert such authority* Perhaps the socialization, go^i^ of teach- ' 

^ers, Ji,dentif;Led in the Case Studies in Science Education CStaky & Ea^ley, 
also requirS the authori1:y of the teacher's position. As well, the teacher 
typi!::^lly makes a variety of decisions about how classroom interaction will 
proceed, and students^ recognition of the teacher's right or 

iT^ch decisions is a recognition of the teacher's authority o\ 

>. ' 
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Analysis of Arguny^nt-Patt^rns in Ihree Episodes of Science Teaching 

In Science teaching ^udged^to suggest a rational attitude' toward authority, 
we would expect to find reasons and evidence being provided in support of 
knowledge claims. Yet the presence or absence .of reasons and evidence i& not 
^an adequate criterion for the^ ^udgraent desired. We need to deternune whether^ 
reasons and evidence are used in a nanner which provides a coit^jlete rational 
arg^linent for the knowledge claim bein^prpsented, A suitable schenve, capable 
of serving as a "clue structure" for making the desired judgments about instances 
of Science teaching, is provided^'by Touimin (1958) in Ihe Useg of A3c:gu iaent. 
In his introduction, Toulmm indicates that the book is an attempt "to charac- 
terise vrtiat may be called 'the rational process \ -the procedures and categories , 
by using which clain^-in-general can be argued^for and settled" (p. 7j , Using 
the field ^f jurisprudence to guide his consideration of rational argioftents in 
general, Toulmin develops a framework in response, to the problem of "how we 
are to set out and analyse arguments lA order that our assessments , shall be 
logically candid — in order, that is, to mke clear the functions of the differ- 
ent propositions invoked in the course of an argunient and the relevance of the 
{, different sorts of criticism which can be directed against it" {p, SV, " 

A clue structure for analyzing arguirtents - ' * ' 

Specifically, Toul^piin, provides a "pattern" for the analysis of a'rguirv^nts . 

"Ihe patCerh indicates six possible elements of an argument and thteir proper 

' \ >^ ^ ^ ^ 

^ relationship J to each other. The three mos\ basic effements are Data, Conclusion 

(or claim) , and Warrant. (Capitalization of first letters indicates use of * 
terms in the sense given them by Toulmin.) A Warrant is a statement which jus- 
tifies the move from Data to Conclusion. * Thus a Warrant says, "<rf^en Data D, 
one may take it that C Cp. 98). Toulmin (p. 99V provides this diagram to « 
illustrate. * ^ o 



n 



' D , ^ So C 7 



>* So C 

\ J Since W 

Figure 1. The basic- argxatvent-pattem. 

• X 

At a 

^ Three\addition€a eleinenis — Qualifiers, condition^ of Rebuttal, and Back- 
ing'-TPomplete ^e argument pattern which Toulciin develops. Qualifiers indi- . 

cate the degree ot force with which the Data support the Conclusion,^ when e 

f 1 

Concliision is only prob^le, rather than necessary, given the available Data. 
CondH:ions of ^buttal consist of special circumstances xn which the Warrant 
in question may not apply. Finally^, Backing refers to the general conditions 
which support the acceptability or authority of a Warrant (pp. 101-103). 
Thus the complete ^argument pattern ia^ represented by Toulmin (p. J104) in the 
following ^diagram. ' , • *' ' 



So, 



^ Since Unless 

w k 



. Oir account of ^ 
> B • 

^> Figure 2. The complete argument-pattern. 

r 

To illustrate the terms used by Toulmin, Figure' 3 shows the pattern of 
the complete argument under .discussion in Segment A-l,xin the data analysis 
which fbllows. The teacher seeks an expleuiation for the acquisitiop^f elec- 
trons by ebonite rubbed with wool. Notice that presentation of the argument 
does not require uSe of the elements' Qualifier or conditions of Pebuttal. 
This is frequently the case in the analyses which follow, in this particular 
instance, a Qualifier might refer to the effect of •humidity on transfer of 
electrostatic charges* 1 p 



Dattimx ' 



When ebonite 
is nibbed with 
wool 



So, Conclusion ; 

ebonite receives eleo' 
trons from' the wool, 
and thus acquires a 
negative charge 



Sihce 



Warrant : . Ebonite attracts electrons ^ ^ 

more stjMgly than wool, 
^ when pb€^\fo subitance^ are 

rubbed together ' 
I 

On account of - ' 

• Baclcin^ : The atomic model of iaaiter , 4- 

indicates that electrons in 
the atom's outermost shell 
are somewhat free to move. 

Figure 3. The pattern of the argruaent in Segitvent A-i; 

Toulrain*8 argument -pattern is well-suited to the analysis of a^guiaants 

made within specific disciplines. Ihe analyzed data v^ich follow illustrate 

• . *^ 

^ sotne of the intricacies involved in matching details of classroom discourse to 

"*^e six el^ents suggested by Toulmin, However, two broad features of argu- 

toents w^^ich Toulmin notes in. discussing his argument -pat tern iliusbcft^e the 

specific suitabilljty of the pattern to the analysis of arguments within s^\^ 

entific disciplines. distinguishing between Warrant and Backing, TQ>rfroin 

explains that the Backing usually remains implicit, at the outsp^tJand before 

a challenge of the eu:gumant is made. Backing refers to the facts which autholrize 

the warrant which permits an inference f^oro Datum Conclusion. Furthermore, 

the kind of Backing which can authorize a Warrant differs from one fieljd of 

argument, or discipline, to another (f^. lOJ-106) . Backing appears to capture 

the changes which occurred in physics, for exeuople, when Einstein's theory of 



special relativity (a Warrant) superseded Newton's Laws by taking as funda*^ 

mental a different set of **facts.** Thus we may expect the element of Backing 

* * 

to 'be particularly significant when alt/amative explanations (or Warrants) are 



b«ing considered. 
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iSiming to a second broad feature of arguments, Toidrtan note^ that^argu- 
ments nSay be "Warrant- using" (reaching a Conclusion from Data by citing a 
warrant] or "Warrant-establishing" (demonstrating that a Warrant is success- 
ful for a number of instances of Datura emd Conclizsion) • The distinction is 
ccoaparable to that between deduction and induction (p. 120) • Pedagogically , 
we can re<x>gnize here the distinction between explaining a law or theory in 
the first instance and subsequently using a law in problem-solving or labo;ca- 
tory activities. Once a Warrant has been established,, it© Backing is implicit 
in the use of the Warrant to reach Conclusions. We may expect Backing to * 

y 

play a more crucial role in 'establishing a Warrant than in using a Warrant. 

Toulmin's ar^|ument-pattem gives valuable detail to the concept of a 

I 

rational argument. For purposes of this study, suggesting a rational attitude 

^ i 

toward authority is regarded as requiring provision of all the elements of 

an argument in proper relationship. Were the teacher only an Authoi^ity , not ^ 

in authority, students would have no basis for accepting an arguitient (for a 

Conclusion^ or for a Warrant) if the teacher omitted an element or related 

elements incorrectly* \When a complete an<l correct arguiqent is not provided, 

the authority of a teacher \s position may permit the lesson to proceld, a.t 

the pric^j^^wgesting a traditional attitude toward authority." In the 

analysis HfrfSrtbllows, the concept of an argument-pattem is applied to 

determine whether a National or a 'traditional attitude toward authority seems ^ 

to be suggested to students. The attitude toward authority suggested by an 

argument is judged to be ra^iSnal if two questions can be answered positively. 

l# Are all necJessary elements of a rational argument present 
fn the instructional discot^se? 

2. Are the elements of the argument in proper relationship to 
each other? 
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Analysisjaf three episodes of science teaching ^ 

From an initial set of transcriptions of twelve sciejrice^ lessons recorded 
in Ontario secondary schools (for the purpose. of another «tudy) r portions of 
three lessons have been selected for analysis. Episodes and C contain 

the arguments of three teachers on particular topics within the chosen lessons. 
Preliminary analysis separates each episode into segments containing only one 
argun>e'nt>r tcywhich the concept of an argument-pattern may be applied* An indi- 
vidual segment is presented on a single page (or two pages if length requires) . 
Itie left-hand column of each page presents tl^e^^verbatim transcription of tape- 
recorded classroom discourse* Questions are shovn in capital letters r to call 
attention to that aspect Of a teacher's remarks which so often signals the 
direction of the discourse. The right-hand column^ in italics ^ indicates what 
each successive speciker appears to be doing in terms of eleraents of £m arguront* 
For example r the teacher's first speech in segment A-1 is described as ''Teacher 
pr<»7ides Data .and solicits Conclusion*" 

) Bach episode is introduced by a single page which provides a summary of 
the content of the episode and the arguments^ conducted within individual seg- 
roents* Only brief cosnments eusre made about the failure of each episode to 
present arguments eugge^ting a rational attitude' toward authority. Tjhis is 
done to permit the reader to enter into the ^alysi^ of each segment's argument , 
studying each teacher's use of questions ^ and checking the identification of 
argUBient elements* 



♦ 
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iPISODE Ai **Predicting and Explaining Electrostatic Charges" 

Grade 10 (eight girls, twelve boys)" 
Pages 1-4 of 24 ^ 

n , - . 

this episode, the teacher, dontinues earlier work on static electricity. 
In Segiaent A"lj|the teachet seeks warrant to explain why electrons move from 
wool to eb9nite, when the two substances are rubbed together. Brad is unsuc- 
cessful (lin^s 13-19), Part of Mar^Jo's response is accepted by the teacher 
(lines 35-45) ekid the teacher returns to Brad to explain his error. In Segment 

A^2, the teacher presents a list of non-conductors, including the two used in 

1 

A-i-1. From the ^ist** (lines 72-74), gne can predict the charges resulting when 
any two of th6 substances azy rubbed toother. 

f , Segments'.^- 3 and A-'4 ar6 tw^ instance^ of application of the general 
wkrrant given by the teacher in ar2. In each of ;these segments, ^e teacher 
first solicits a Conclusion and then solicits the Warrant supporting >^e Con- 
clusion. (Interestingly, A-4 involves the same pair of substances as A-1.) 
Both A-3 and A-4^nd not with elaboration of steps in the arguments but with 

attention to statl/ig the Warrants in terTJOwSTv" strength" of holding electrons. 

/ 

4^ \ ^ 
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Seqroent A-lf" Seeking a specific Warrant for ebonite and wool 



Teacher: Okay* We were talking eibout 
the electric charges on different kinds 
of objects. WHAT CHAI5GBS TAKE PlACE 
IN AN EBONITE ROD WHEN IT'S RUBBED WITH 
5 WOOL? (Pause) Only two people? Dave. 

Dave: Er^ it received electrons from 
the wool* * 

Teacher: Right. It received electrons 

* from the wool* Er, CAN YOU SUGGEST 
10 WJY REifsONS WHY THE ELECTRONS MOVED 

FROM TOE WOOL OVER ON TO THE EBONITE? 
Brad. 

Br^d: There's a shortage of electrons 
on the ebonite rod and there's a 
surplus on the wool^ so they n»ve to 
the greater. * . * 

Teacher,: There's soine people shaking 
their heads* Er, Gary, WOULD YOU 

* DISAGREE WITH THAT? 

* 

20 Gary, Well it must be... the atoms on 
the wool,. -the electrons on it are,<. 
repelled from the nucleus, so they 
want to niove. . . 



Better repeat that Gary, 



^ Teacher: You people at the back hear? 
2S Cathy, 
please. 

Gary: Well the, the electrons in the 

wool ^li'te, tl\ey are far out f;:ocn the 
nucleus so they have a tendency to 

*30 move. ^ y 

Teacher: Er, possibly. ^SOMEONE ELSE 
EXPLAIN WI^Y THE ELECTRONS MOVE FROM 
THE WOOL OVER ON TO THE EBONITE* 
H Mary Jo* 

^35 Mary Jo: Urn, the ebonite rod has, er, 
like positives that have stronger 
pull on them. And, like the friction 
« between them makes the positives 
attract laore. 

40 Teacher; All right* Apparently, or 
possibly, the ebonite has a stronger 
attraction for ej^ctrons than the 
wool, BO that when w^ rub the two 
together the electrons loc^e frccn 

45 oM'over on to the other* Okay 

Blrad? GOING TO CHANGE YOUR THEORY? 

Brad: Umhzn. 



Teaci)^ provides Data and 
solicits Conclusion 



Conclusion 



Teacher- judges Conclusion 
and solicits Warrajit 



5tii<ient implies a Warrant that 
electrons move from surplus^ to 
sfiortage, as he stdtes Conclusion 

Conclusion is rejected 



Studerit alludes to Aspects of 
Backing for a Warrant 



Backing 



Teacher again solicits Warrant 



Student provides t^o candidates 
for "Warrant" status 



Teacher repeats one aspect of 
the' student ^s Warrant, and gives 
Data and Conclusion 
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Seginent A-1 continues 



Teacher: HOW DO WE ICNOW THAT YOUR THEORY 
WASN'T CORRECT? WHAT WAS TOE ONE.THDJG 
50 THAT HE FORGOT? 

Pupil; That, fiin', the... the ejDonit^ rod 
IS neutral and you had the same artioufiit 
of^-er, er, positive as negative. 

Teacher: Okay. Vou started out with 
55 each of them in the neutral state so^ 
they woulfy have the 'same. All right, 
then we say that one of those two 
substances has a stro'^iger attraction 
for electrons than the other. 

. A • ■ ■ 



As this segment closes, 
ingredients of the Backing for 
for the Warrant are treated 
as simple features of th^ 
initial Data. 



Teacher* states desired Warr^t 
(J^iote teacher's use Qf the word 
"stronger") 



r 
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Segment Establishing a general warrant for nine, >gate rials 



60 Therefore it would be possible to take 
a list of substances and arrange them 
in a li|t, or in an order, which would, 
er, put xtEose which have,* say, a strong 

* attraction for'' electrons on top of the 

65 list and those with a weak attraction 
at the bottom of the list. So we have , 
such a list here — you'll notice that 
some of the laaterials that we have 
listed here we've used in the- experi- 

70 ments that we've been doing. The first 
one, for example, glass*,, (writing on 
the board, "Glass, Wool, Cat's fur. 
Silk/ Cotton, Paraffin wax. Ebonite, 
Rubber^ Sulphur"), Okay, Now, I'm 

75 going ^ tell# you this about the list; 
as we go down th^ list there is increas- 
ing ability to hol€ electrons, (An 
arrow is drawn pointing down the list 
with the^ label, "increasing ability 

80 to hold electrons,") 



In this brief segment, the 
teacher generalizes many 
specific Warrants into a 
single warrant. 



J 



Teacher states Warrant 

Note teacher's use of the 
word ''hold,** xn speech and 
wrJLting 



♦ \ 



^ kJ 
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Segraent A-3t Applying the Warrant' to cat's fnr and g^araffin wax 



, kOw what does that mean mhen we compare, 

SAY, CAT'S FUR AND PARAFFIN WaX? -fferry. 

Jerry, The paraffin wax will hold elec 
trons better tt^an cat's fur? 

85 Teacher: £r, BETTER?' CAN WE GET ANOTHER 
WORD THERE? 

Jerry: Er, more? 

Teacher- More strongly. All right, 
this ^ist IS called an electrostatic 
90 series (writing '*EJectrosta'tic Series") . 
And I think you can now se6 the use of 
an electrostatic series. Before we 
]ustl mecorized that ebonite became 
^ charged negatively when it was rubbed 
95 with wool. 



Teacher sol 



s Conclusion 



student states Warrant, implying 
the Conclusion 



Teacher returns to the word "strong'*. 
(1^ 53) although Jerry has used 
"hold" as teacher did in lin& 77 



Teacher nair^es the gen&zal Warrant 
t 



7 



/ 
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Segment Applying the Warrant to ebonite and wool 



/ 



If we look this list and notice the 
ffosition of wool and ebonite, IF WE RUB 
TOESE ife SUBSTANCES TOGETOER^WHAT'S 
. GOING TO HAPPEN? 

100 Pupil: You get a negative charge. 

Teacher: .WHX? 

Pupil: Because there is, urn, .because 
most, iaore, er, electrons go on to the 
rod, ' 



Teacher solicits *ConQl\ision 

Jncorapiete ConclMsion 
Teacher solicits Warrant 



Conclusion 



105 Teacher: WHY WOULD MORE ELECTPDNS GO FROM Teacj^er solicits W^rant 
THE WOOL TO THE ROD THAN THE OTHER WAY? 



Pupil: Because the wool's lose them,,, 
wool will lose them. 

Teacher: WHY WOULD THE WOOL LOSE' THE 
110 ELECTRONS? You're not" answe^rmg why, 
(no response) Steve, or er, Jerry 
rather, 

Jerry: Er, er, the ebonite will hold 
laore electrons so it'll take it out 
115 of'^e wool* ^ 

Teacher: WILL HOLD hiORE? 

Jerry: . Er, taXe more away. 

Teacher: You're missing the one word, 
I think, that explains it properly, 
120 Gary? 

Gary: The ebonite will hold the elec- 
trons, 

Teacher; ,*,or strength with which they 
hold the electrons. Okay, let's see if 
125 we can use this then, 

.J 



Concl us ion 



Again, Teache/. solicits Warrant 



Student states Warrant, usingr 
the word "hold" 



Teacher questions^ wording 



Second student uses "hold" 

Teacher uses "strength," as he* 
^id in i, 55, rejecting "hold" 
as In i, 77 and on the blackboard 

1 



\ 



\ 
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EPISODE Bi "Prelude to Snell's Law" 

Grade 9 (nine boysr twelve girls) , 
Pages 9-11 of 18 

In this episode, th^ t;jaacher seeks from the students a Warrant which' 
relates Data (emg]?es of incidence) to Conclusions (angles of refraction)'. 
In Segioent B-1, Sus^n proposes a W^rant which is based on the arithmetic 
differences between successive angles of refraction in the table of data. 
In line 25 , Susan appears to sense the^eacher^s criticism of her .warranty 
which, she modifies to the "average" difference, in lines 26-27, the teacher 
dismisses averages as unacceptable. ' 

In Segment B-2, Rick and Bill speak on behalf of another Warrant based 
on arithmetic differences in tfnfe "Ccsiclusions" column. With some difficulty^ 
Rick (lines 50-51} ^ manages to state the tendency for the difference between 
angles to decz^ease by one degree, Ilie teacher appears to accept the Warrant, 
as deserving of consideration, and proposes a test (lines 54*58), In the 
dialogxie ^tcm linjs. 59 to line 72, the teacher appears to discredit the Warrant, 

In Segments .B-1 and B-2, students have proposed two Warrants which assume 
that arithmetic differences are the appropriate Backing, in Segrnant B-3r the 
teacher begins his present^ion of another Warrant- -Snell's Law — which uses 

as Backing the geoct>etric relationship of each pair of angles. His explanation 

> 

(which is too long to present In its entirety) never returns to consider the . 
fundamental difference, at the level of Backing, between the students' Warrants 
and the Harremt developed by ^ell. 
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Seqgvent B"!: The fxrst request for a Warrant 



Teacher: Okay, here we have our results 
on the side*board. (The table read^:'*' 



10^ 

30* 

40 <^ 

70 <^ 



70 
130 

19^ 

26*^ 

40<^) 



10 CAN ANYONE 'gEE A RELATIONSHIP BEtWEEN 

THE ANGLE OF INCIDENCE AND THE Al«3LE OF 
REFRACTION FROM THOSE RESULT^? Just 
look at that for a couple of minutes. 
(Pause, He writes' "SNELL'S LAW.") 

15 Susan- 

SQsan: Um^ when tijfe angle of incidence^ 
increases by 10, rrtost of the angles of 
refraction increaSie by 6* 

Teachei^/- That's interesting. As the 
20 angle of incidence increases by 10, the 
angle of refraction increases by 6- 
Let's sees 7 frOTs 13 is 6, i:^from 19 
IS 6, there's 1, there '^ 5, there's 5,^.. 
there *'s 4- ' , * ' 

25 5usan: Well, the average is 6. 

• Teacher: Oh, well, averages aren't good 
enough here (some laughter). Rick. 



b#ta (left column} 
/Conclusions (right column} 



Teacher solicits Warrant 



V 



student states Warrant 
(with Qualifier) 

Teacher restates Warrant 
(without Qualifier) and 
tests each^instance 



Student revises Warrant 

Teacher judges Warra^nt to be 
unsuitable 



\ 
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Segment B'"2; The segcafid regt^est for a Warrant 

«^ ) *■ * 

ck; The, er, like, fi^t of all 
you increase it by 10, er, tne^^'s an 



The, er, like, fi^t of ^11 when 
:, tne 

increase of -there's a...firstNof all 
7, then it goes down to 6, then it goes 
down to 5, cind then it goes down to 4/^ 

TeacKer:, SO WHAT? 

Rick: If you. take the difference, like , 
er, from 6 to 7 you've got a diffijsrence 
like 10~like you've got...thi,s, er, 
go^s back to 4 degrees of difference^ 
between 36 and 40. kn^ between the 31 
and the 36, we have to have a SO^nd* 60 
increase by 10, and then you have 5. 
And tl^en at 26 and 31, and that's 5. 
And then you go 6... like. (Laughter) 

4 

Teacher: You're just telling me the 

results up here. WHAT, WHAT... 
t 

Rick: Yeah, well ei , you said, uin, see 
this 5 jjiing, when the angle of incidence 
increases by lo, the angle of refraction^ 
is increased by JL. 

Teaofier: IT IS? ' 

Rick:* Like, er, whei> you subtract, the 
difference -increases by 1. 

Teacher: You mean it decreases by 1. 

Rick: Decreases. . .yeah, decreases. 

Teacher: All right. Yes, it is decreas- 
ing by 1. CAN WE MAKE A PREDICTION FROM 
THOSE RESULTS? CAN WE PREDICT WHAT THE 
ANGLE OF REFRACTION WILL BE FOR 80*? 
Bill. 

Bill:^ 43*? 

Teacher: HOW DID YOU GET THAT? 

Bill: Er, just a gfiess. (Laughter) 

Teacher: Er, WHAT WAS YOUR GUESS BASED ON? 

Bill: Er, it's going down 1. Sometimes 
^it stays the sV»e,'9ther times it go^s 
'down 1. So, it'll be 3 for 80**. 

Teacher: SO, WHAT MADE YOU... WHAT MADE 
, YOU THINK IT WAS G0IN3 TO GO DOWN 1 THIS 
TIME? 

Bill: Oh. 

Teacher i 
know. 



So, in other words, you don't 



Bill: No. 



Student attempts to state 
Warrant 



Student contiraties attempt 
to state Warrant 



• Teaclfer seems to say student has 
not provided a Warrant 

*5tudent tries a^ain to state 
warrant 



Student states Warrant 

Teacher corrects Warrant 

(Student accepts correction) 

Teacher asks Warrant can be 
used to predict an unknown 
Conclusion * ^ ' 

5tudent«states Conclusion 

Teacher requests explanation of argumert 

(Student claims he guessed) 



Tea^^ solicits Warrant 

Student states Warrant, Qualifier, 
and Conclusion 



Teacher requests explanation of the 
Qualifiers 



Teacher discredits'* argument 



J 
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Segment B-3; Presentation of the Warrant — Snell's Law 



Teacher: WelX/ a p;^son the name of 
Snell ceurie along and he looked at these 
75 amgles and he caic^ up yith a law, which 
^ ^we now call "Snell 's Law," And the way 
it wor'ks, . •well, l^Jt's^irst draw a 
diagram on the board, and you'lL see 
how it works. ^ 



teacher presents^Sn^Xl*s Warrant 
at length. He appears to assert 
the superiority of thzs Warxantf 
by failing t'o compare the three 
Warrants at the level of Backing, 
and by not calling attention 
explicitly to the Backing for 
Snell *s Warrant » 



1 



or 

*^ kJ 
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EPISODE C: "Sei>axAting lead froo lead oxide, in a studj of 
' affinity of metals for exygen" 

Grade 9 (eleven boys, ten' girls) 
Pages, 7-10 of 30 

i 

This egisode, forming paxt of a lesson on affinity, follows a discussion 
of thfe decomposition of mercuric oxide by heat. In Segment C-1, the' teacher 
pursues an argument *for decomposition of lead oxide ^eised on £ui analogy to the 
decomposition of mercuric oxide by heating, in Segment C-2, the teacher .mdi- 
cates that the analogy is not valid and seeks an explanatory Warrant. 

Segments c-3 and C-4 are the portions of Episode C in which lead oxide 
is actually decomposed. Segment C-3 focuses on producing a reaction; cheorcoal 
is mixed with lead oxide, as a specific response to a general suggestion from 
a student that something with higher affinity for oxygen be added. 

I 

Segment c-4 contains the analysis of , the reaction^ and focuses on identi- 
fying the second product, in addition to lead. In lines lC9-^rio, the teacher 
identifies the components of the second prodjict in a manlffer which produces the 
desired Conclusion (line 112) without constructing a complete argument. ^ 



9 ^ 



Segment C-lt Predicting the behavior of lead o3;ide when heated 



{A discussion of the decomposition of 
mercuric oxide by heat has just been 
completed.) ^ ^ 



' Teacher: So... another metal^which we 
could use/tD extract from its oxide is 
lead, lead cfxide. ^Cf you 'think 5ibout it, 
ydu've onli^ot tp heat lead up a little 
5 bit ^d it^^ks quite'^ike mercury, 
doesn't it? Liquid^leact you've probably 
seen— it's like silver. Now. IF WE 
• HEAT LEAD OXIDE, WHAT WOULD YOU EXPECT, 
RICK? *It'ff not as liquid as lead, it's 

10 not as soft as gold. ^WHAT WOULD YOU 

EXPECT TO HAPPEN IF WE HEAT LEAD OXIDE? 
{no response). Bm? WELL WHAT COULD 
HAPPEN. . .T^HAt', what COULD POSSIBLY 
HAPPEN? (Some dark powder is tipped 

15 into an evaporating^dish and heated 
over the burner.) 

<Rick: It would start it melting? 

Teacher:. Well, it... yeah, it might melt 
if you heated it strong ly. BUT BY ANALOGY 
20 WITH WHAT" HAPPENED TO MERCURY, WHAT MIGHT 
HAPPEN TO THE LEAD OXIDE? ^ 

Rick: . Change to a gas? 

^ Teacher: Change to a gas. It would give 

off oxygen, yes. . .^ive off oxygen gas. 
25 ^AKD WHAT WOULD BE LEFT AT THE BOTTOM? 



(No r 
the bot 



nse) Lead would be left at 
wouldn't it?* yeah. 



Teacher suggests tJ^t Warrant 
appropriate to mercury is also 
appropriate to lead 



Tocher solicits Conclusion 
Data 

Solicits Conclusion 
Solicits''copclusion 



Conclusion 

Teacher solicits Conclusion 
using previous' Warrant 
i 

Conclusi^ 

Teacher adds ho, z^peats, and 
accepts Conclusion ^ 
Teacher solicits and states 
jOonclus'ion 



0 
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Segment C-2: Explaxnjing the failure of the prediction 



Well now/ in fact this doesn't happen/ 
because,- -MfY DOESN'T IT HAPPEN? 
30 Janet, ••What am I talking about Janet 
(correcting himself^ Nancy? ' WHY 
DOESN'T LEAD FORM FROM MER^ • .FROM 
LEAD OXIDE WHEN YOU SIMPLY HEAT 
IT BY* ITSELF? * ' 

35 Nancy: Because it/ er^..it has a 
high affinity. . . 

Teacher: Because it has a. ••well/ a 
higher. •.a higher affinity for oxygen 
than has mercury. ^1 right? 



Teacher states conflicting Conclusion 
Teacher solicits new Warrant 



Teacher solicits Warrant, giving 
Conclusion and Data 



Warrant 

Teacher modifies and adds to 
Nancy's statement 



9.. 
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Segiaent 0-^3; Testing a predicticgi for obtaining lead from lead oxide 



40 So, how can we get, how can we get lead-- 
because most of the lead that ' s -mined is 
found mostly as the^^xide. HOW CAN WE 
GET LEAD FROM LEAD OXIDE IF iT DOESN'T 
RELEASE OXYGEN AND FORM LEAD ON HEATING? 

^5 Pupil: Mix something that has a higher 
affinity- 
Teacher: Mix it with something which has 
a higher affinity for the oxygen which 
is combined with the lead. Good. AND ^ 
50 ^ TOAT SUBSTANCE WOULD BE? 

Pupil : um\ Mercury- 
Teacher: well, you've probably seen that 
I've been playing around with something 
black which you might know is charcoal, 

55 right. Okay. (Some laughter) Now, you 
can... you can see that this is not 
apparently changing color or changing 
texture in any way, IS IT? There's no 
little bubbles of anything. * Er, I 

60 think It should be just about hot enough. 
(Pause) I think it. ..you'd better just 
stand back atlittle bit because' it 
sometimes pops around the place a bit. 
I'll take the heat away just to make it 

65 a little bit less vigorous. Now if I 

add some qharcoal to the lead oxide 

(some is added and sp€trks Btre emitted) 

Pupil: Oh. Cool. 

Teacher: If the, if the thing is hot 
70 enough and if the charcoal wants to 
combine with the^ oxygen more than the 
lead wants to hold onto it, then you get 
this vigorous reaction. . .1 *11 just leave 
it and you'll find it'll.. .CAN YOU ALL 
75 SEE WHAT'S GOING ON? It's like a little 
miniature volcano, ISN'T IT? 

Pupils: Cool. Firecrackers. . . 

Teacher: Like bonfire night, yes. 

Pupil: Firecrackers. Does euiybody have 
80 iOiy m£u:shm^nbws • Aw, no. (Laughter) 

Teacher: ^t£md »tck a little bit, 
because it does hop eucound* ^ ^ 



re'acher states Conclusion, and 
solicits Data and W^rant 



Warrant Ch^gher affinity**) and 

Data ("something" ) are suggested 

/ 

Teacher states Warrant more \ 
c(xnpletely and asks for Specific 
Datum . 



Datum 



Teacher provides specific Datum 
without explanation 

f Data (referring to material being 
heated since lines 14--lii 



Datum 



As the demonstr^ion proceeds, 
teacher provides Qualifier , 
Warrant, and indication that a 
a reaction will occur 




Pupils: Cool, eh. Firecracker Day 
(many times). Hey that is good* 



V 
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( C-3 ends) Segment Identifying thg products of the reaction 



85 Teacher. Now, I'll just keep it,,, I '11 
just keep it heated a little bit more 
and We should expect ,yeS/ you can in 
faqt see.., if you ^ook over, look over 
the top here* you can see a little 

90 globule of liquid lead. 

Pupil: Looks like mercury. 

Teacher.^ Looks like mercury. Right, ^ 
yes , 

Pupil: Isn't It? (Some comments, pause) 

95 Teacher: All right. So what do you 

think, . .WHAT DO YOU THINK WAS FORMED . - . 
I /nean, we got tor,,we got to start off, 
we start off with a certain number of I 
things, we see that they react together, \ 

100 and we^end up with something else. Well 
now* we see that one of the things we 
end up with is lead, Shirley* WHAT WOULD 
BE THE OTHER STUFF THAT WE PRODUCED BY 
THAT REACTION? (PauseV LEAD AND OXYGEN 

105 FORM LEAD OXIDE. RIGHT? 

Shirley: Carbon? 

Tether: Carbon is added to it, removes 
the oxygen fr<OT the lead oxide. YOU GET 
LEAD AND WHAT? Some compound containing 
carbon and oxygen . WHAT WOULD.-, WHAT 
WOULD IttAT BE LIKELY TO ^E? 



110 



Pupils: Oxide, 
dioxide. 



Carbon dioxide. Carbon 



Te^icher: Carbon dioxide, good. All right. 
115 So. let's put that (the ^evaporating dish) 
on oner side; it's a little warm. 



Teacher states that Concf.usion 
for Segment C-J, lead, has been 
obtained 



Possible Conclusion 
Teacher accepts possibility 

Student solicits Conclusion 

Teacher solicits Conclusion 

Teacher provides a general 
Warrant for all reactions 

Teacher provides part of the 
Conclusion (lead) and solicits 
the second part (other product) 

Teacher refers to Data 
Conclusion 

Teacher indicates role of carbon 
and solicits Conclusion 

Teacher provides composition 
of Conclusion 

I ' ' ' 

Conclusion » 
Teacher accepts Conclusion 
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Inferring Suggested Attitudes -toward Authority 

Ihe purpos« of the preceding analysis o£ arguraents > in science teaching 
i 

discourse is to permit Judgiaents about the attitgde. toward authority — rational 
or traditional — whxch cay be suggested to students by a teacher's use of ques^ 
tions. .in the three episodes considered here, the teachers f^ll short of the 
goal of suggesting a rational attitude toward authority. The purpose o£ the 
following discustsic^ is not to judge these teachers but to develop an initial 
understanding o£ the various teaching moves which zaay suggest a traditional 
attitude toward authority. Bach episode is considered in turn, and a more 
general discussion then relates the results of the analyses to the original 
concerns of the study. 

■# 

Episode As Warrant ■'Using Becomes "Warrant-'Stating' ^ 

Episode A is the opening portion of ' an electricity lesson which reviews 

phenoeaena of static electricity and continues with an introduction^ to cUrxent 

electricity. In Segment A-2, the teacher presents a general Warrant which is 

introduced by the discussion in A-1 and applied in ArZ and A-4. Ihe available 

evidence does not permit an ets^essoent of Segment A-'2, v^ich appears to rely 

on previous work. Segments A-X, A-3, and A-4 share a comon emphasis on 
\ 

correctly stating Warrants, and these discussi(^5 can be judged^or suggested 
atti%u4!i^towau:d authority. Each segment involved a Conclusion eiectroi^s 
have moved fVoo one material to another) this Conclusiojj/I^annot t>e checked by 
direct observation and hence relies heavily on the Backing provided by the 
atooic model of matter. . , ^ 

Segment A**l involves the use of a warrant, but, 2ls the teacher*! questiofla^ 
indicate, the emphasis is on obtaining a clear statement of the Warrant which 
permits Dave^s Conclusion (lines 6->7) . Brad's answer (lines 13*16) impXlea a 

\ 
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cas understanding of the initial neutrality of the substances, a consideration 

* * 
at the level of Backing. Backing and Warrant are intermingled as the discus- 

sion proceeds and, at the Close of the segment, the teach^ appears to treat 
B^wcklng as initial Data* ^n line 58, the teacher speaks of one substance 
having a "stronger attraction for electrons" than another, but in lines 7/-80 
he speaks of "^increasing ability to hold electrons," Segitents A-3 and A-4 
show the students using* the word "hold" and the teacher speaking of "strength" 
of attraction. In A-3, Jerry states a Warrant which implies the desired Con- 
clusion, and the teacher's questioning of the word "better*" j.c;$>lie3 that "laore 
Strongly" is simjply an alternative. The teacher's preference reappears but 
remains unexplained in A-4, where the teacher's questicsis again seek first a 
Conclusion and then a suitable Warrant, (A-4 is longer than A-3, because a 
request for a Warrant is twice followed by repetition of the Conclusion, m 
lines 102-104 and 107-108, Toulmin's terms night have helped the teacher 
e?cplain why the responses were not answering the questiOT,) 

Segments A-l, A'3, and A-4 are judged to suggest a traditional attiUide 
toward authority because they are dominated by "Warrant- stating^" rather than 
the required Warrant-using arguments, and because little attention is paid to 
bringing Data, Warrant, and Backing into clear and proper relationship so that 
Conclusions could be seen to rest on rational authority* In this instance, it 
is possible for a student to answer the teacher's initial question by referring 
to the list on the blackboard (the "Electrostatic Series") • The ^tudfihts' 
repeated use of the word "hold*' (which is written on the blackboard) suggests 
that this is what they are doing* In the end, the teacher settles for state- 
ments of Warrants, rather than for clear evidence that a Warrant has been used 
to reach each Conclusion* TW^ogvexpledned preference for "strength" is con- 
sistent with the judgm^t that War3;^t3 are being stated rather than used and 
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that a traditional attitude toward J^thorxty is suggested. 

Episode B; War rant -SstablJLshxng Beccmes "Warrant^Assertxng '^ 

^xsode B IS part of a lesson v^ich examines angles of xnciSence and refrac 

tion and then presents Snell's Law and the tern "index of refraction." Ear.lier 

in the lesson, the teacher used an optical disc to obt^am the evidence shown in 

lines 3-9; after Episode B, the teacher explained the geoiaetrxc relationship 

given by Snell*s Law and its 'use to calculate an index of refracti6n. Segments 

B-1 and B-2 show the students attempting to satisfy the teacher's request for a 

Warrant by which one may laove from the given Data (angles of incidence) to the 

observed Conclusion (angles of refraction) . The situation clear^^y calls for the 

establishing of a Warrant, and Backing should be included to sdggest a rational 

attitude toward authority. 

Segments B-1 and B-2 proceed front the teacher's cjuestioi m lines 10-12/ 
• * 

a qwstion which ur^^lies that oi>e could "see a relationship** in the evidence 
available* Susan ^s suggestion in B-1 is perhaps the raost obvious arithroetic 
relationship, but the teacher rejects her Warrant bocause "averages aren^t good 
enough here" (lines 26-27) * Because the teacher does not explain himself, this 
laove could"" suggest a traditional atty;1j«ie toward authoritj? . ^ In B-2/ Rick speaks 
five tiaes^ (lines 28-53) before stating, with the teacher's help, a second 
warrant, less obvious than Susan *s b>it similarly backed by an arithcaetic view 
of the Data. Initially, the teacher 's ^wstions to Rick in?>ly that no Warrant 
has beei> -given* Later, with Bill responding, the . teacher'S questions test the 
Warrant by sinking a prediction. Like B^l, Segment B-2 ends with the students* 
attempt to "see" a Warrant being rejected iis unsatisfactory. 

Segment B-3^ begins very abruptly, as the teOcher names and begins to explain 
Snell*a Law. His subsequent presentation (pot included because of its length) 
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includes the geometric relationship for which Snell is given credit, but the 
context is one of *^this is how it works" rather than "this is:how it is 
est€iblished»" The teacher never returns to the discussions of B-1 and B-2 to 
compare Snell's georoetric BacJcing to the arithctetic BacJcmg josed J^y the students. 
Frosa the perspective of having the students understand how Snell's Law works, 
no criticism of the teacher is implied in these comcaents. However, from the 
persp^tive of rational arguraents, Episode B is judged to suggest a traditional* 
attitude toward authority be<;ause students are never made explicitly aware that 
the Backing required to establish a Warrant was not available to them. Perhaps 
ironically. Segments B-1 and B-2 could have c&otivated the students very effec- 
tively for the point that Snell's Warrant rests on a non-arithraetic Backing. 
By requiring the students to accept and use ^e Warrant on his personal authority 
alone, the teacher is in effect assorting Snell*s Law as an acceptable warrant. 

Ultimately, /this analysis reminds one that there is more to a law or 
theory than its use sis a predictive device, and that it is appropriate to con- 
sider Backing when first presenting a Warrant to students . Once a Warrant has 
becocoe familiar and can be used easily, its Backing is virtually taken for 
granted. Typically, the Backing for a Warrant ""indicates "how one "sees" the 
situation when' applying the Warrant. Thus Backing may be irnportant for learning 
the Warrant, as well as for suggesting rational attitude toward authority,^ 

Episode Ct Warrant"Establishing Becomes Circular 

E4>isode C is part of a lesson on the topic ''affinity of metals f6r oxyge^i," 

#* 

and it folXcws a demonstration that mercuric oxide may be decom|>osed by heating* 

* < 

The four segments* 0* Episode C build toward the demonstration and argument in 
C-4 that lead has been. separated from oxygen by heating with charcoal, which 
has a "hi^fhor" affinity for oxygen. As in BpijBode B, the teacher appears t<? 

0,1 
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use a zroti-wational technique of beginning with an approach which does not work*^ 
In C-1 students are asked to use an analogy, and in C-? th^y are told that the 
analogy fanls/ In C-3 a successful reaction is deroondtrated, but in C-4 the 
teacher's treatment of a , question e±>out the identity of a product of the reac- 
tion makes the arguinent circulcu: and forces the ^udgraent that a traditional 
attitude toward authority is suggested m this Episode • 

The teacher's questions in Segment C-1 require students to use a Warrant 
established for mercuric oxide to reach a Conclusion about the behavior of lead 
oxidp. The authority of the teacher position enables hun to pursue this 

r 

I 

line of questions and then> m C-2 (line 28), reject the analogy to mercuric 

oxide and seek a Warrant which permits the Conclusion that lead oxide will not 

decompose when heated* Thesfe are introductory moves, and it would be pretoature 

to assess a suggested attitude toward aatho^rity at this point* In Segment C-3 

the teacher's questions focus on identify ing a substt£nce which will separate 

lead^Yrom oxygen. The concept of affi*ity is used correctly, but the teacher 

provides charcoal (line 54} a^ additional Data, and summrizes the arguzt^nt 

clearly (lines 69-73) just as the desired reaction begins and provides xmpres- 

* V 

sive en^irical s\:^port for the argument* ^ 

Segment C-4 is crucial* In C-1, the teacher^ supplied a Warrant, which he 

withdrew in C-2 by providing a Conclusion that lead is not obtained by heating, 

Ttie argument in C-3 requires both warrant emd Data, and the latter is supplied 

by the teacher*^ Much of the argument thus far rests on the authority of the 

teacher's position* C-4 contains two pieces of evidence that students have not 

* • 

followed the argument. In line 94, a student asks if the product which "looks 
like mercury" is mercury, Tl^e teacher states that lead has been produced (line 
90 and line 102) , certainly a reasonable^ Conclusion if one accepts the identi- 
fication of lead oxide as a reactant* ihe teacher's Remaining questions focus 
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on the iecc»id product, and Shirley siiggests carbon (iine 106), which was a 
reactan^. When the teacher elicits "carbon dioxide" by nazaing c«bon and oxygen 
as the elementd^in the compound, the question has been "answered^" but eLLl sxgns 
pf arguraent hat^ vanished. In C-4, the teacher has supplied both products on 
his own autUfrity. ; 

7 

Recall that earlier segments of Episode C iUpused on finding a rule or 



procedure (a Warrant) for separating lead from oxygen. From the point of vxew 
of argument, events in C-4 reduce the originzd Wwrant^establishuvg activity 
to a circuleu: line of rea3oning in which virtualljf every ingredient is provided 

the teacher. Thus Episode C is judged to suggest a traditional attitude ^ 
toward authority. 

^ree^ episodes aTfid the issue of authority 

Ihis study is rooted in a concern that teachers* use of questions in their 

Srguments for scientific kncwledge claiin^ could suggest an attitude toward 
» 

authority at odds with that to^ which scientists aspire, Toulmin^s pattern for 
rational eurguments has. made it possible to analyze three selected episodes of 
science teaching. Systematic analysis "has shown that each of the three epi- 
sodes, originally chosen as "dist^urbing," does suggest a traditional attitude 
toward authority. 

We have no evidence to indicate that the three teachers were e ither aware 
of this possibiiity or inclined to view their own teaching as siiggestiVe of an:y 
attitude toAfard authority, Th^ assessed suggestions of traditioned authoi^j^ 
a^^ar unintentional. In Episode A, the teacjier pursued a line of questioning 
which converted Warrant-using situ*feians into Warrant*stating ones, complicated 
by his preference for i particular word, in Episode B, the teacher encouraged 
the students to try to eeftrablish a Warreuit, but then, in effect, asserted the 
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Warrant and failed to identify the distinctive difference between the students* 
suggestions and **the answer*** In Episode C,^a demonstration intended to 
establish a warrant is conve£;tedf at the last momenti to a circular argiciient 
•when the teacher is required to deal with student Qonfusic^ about the products 
of a chemical reactlcm in which the react^ts are known. Itie students say the 
right word, but all traces of genuine argument are lost,- 

Ihe teaching strategies demonstrated in these episodes will not appe€Lr 
unusual to experienced class-room teachers or observers* Indeed, in Episodes 6 
and C, the teachers seemed to establish successfully situations which vould 
motivate students to come to terms with the phencciena in question. Yet in each 
of thesQ three episj|^s, the teacher seemed, to be diverted from completing a 
rational argument as the end of the discussion approachec^. In each instance, 
clear s|^tement of "the answer" seemed tq become a high ^priority • Only minor, 
not major, modifications would be involved in adapting these episodes to pro- 
vide complete rationed argustents, and thereby move toward suggesting a rational 
attitude toward authority. We should not be surprised that it is easy to be 
diverted from one*s line of argument, during teaching, oj^ that presenting a 
complete rational argument is not the highest priority for some teachers* 

Ihis study serves several purposes. It provides both argiiment and data ' 
to the point that concern for the function of questions in arguments is a 
significant issue. The elements in T<$lmin*s argument pattern can be used to 
analyze arguments in science classroom discourse, to provide a basics for infer* 
ring what attitude toward authority could be suggested by a teaching episode. 
The analytical procedure developed here could be used by any teacher or observer 
interested in assessing teaching in terms of suggested attitude toward authority 

At 'this point, the link between pattern of argument and suggested attitude 
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•Reward authority is postulated rather than demonstrated, A different form ^ 
of intjuiry is cedled for, to consider whether students do "read" arguments in 
^science teaching for an attitude tward authority and relate that to their 
attitudes toward science* Nothing in this analy^sip su^ests that these are not 
signifxceuit possibilities* Again^ a different form of inquiry is required to 
generalize sLbout science teaching practices relevant to these issues. Never- 
theless # the data analyzed here suggest that failure to complete a rational 
argument is ''an easy trap to fall into,** and also a situation which can be 
corrected with minor modifications^ < » 



^ 
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